Loss of tooth or enamel is widespread in multiple mammal lineages. Although several studies 2 have been reported, the evolutionary mechanisms of tooth / enamel loss are still unclear.
1 0 (pygmy sperm whale, aardvark, nine-banded armadillo). Furtherly, selective pressure 1 1 uncovered that the selective constraints have been relaxed among all toothless and enamel-1 2 less lineages. Moreover, our results support the hypothesis that mineralized teeth were lost or transitional branches were used to estimate ACPT inactivation times. In the case of aardvark, 1 6 inactivation of ACPT was estimated at ~23.60-28.32 Ma, which is earlier than the oldest 1 7 pangolin fossil time (Orycteropus minutus, ~19Ma), suggesting that ACPT inactivation may in armadillo (~10. 18-11.30 Ma) is later than the oldest fossil time, suggesting that 2 0 inactivation of ACPT may result from degeneration or loss of enamel in these mammals. Our (AIC) (Nylander 2004) . In bayesian analysis, four simultaneous runs with four chains each 1 0 7
were run for two million generations, sampling every 1000 trees. The first 25% of these trees 1 0 8
were discarded as burn-in when computing the consensus tree (50% majority rule). To evaluate the selective pressure of relevant branches leading to enamel-less and toothless 1 1 1 lineages respectively, we implemented two ratio branch model to calculate the ratio of the topological relationship compared to species tree, which may be unrelated to incomplete 1 1 7 lineage sorting. In order to illuminate the detected signal reasonably and accurately, we used 1 1 8 a species tree supported by some previous studies (Appendix Figure 1 ). where mineralized teeth were degraded. (5) One branch categories were assigned for crown 1 2 7
Mysticeti.
1 2 8
To better understand the selective pressure, a series of evolutionary models were 1 2 9 compared in the likelihood. We first use the M0 model (Model A), which assumed that all 1 3 0 branches in the phylogenetic tree has a common value, and compare it with the null 1 3 1 hypothesis (Model B), which assumed that the common value in the phylogenetic tree is 1.
To further understand whether the selective pressure on the lineages leading to pseudogenes 1 3 3 was relaxed, we constructed Model C, which assumed that the branches with pseudogene had pressure on the lineages leading to pseudogenes was completely relaxed, we build the Model To estimate when ACPT was inactivated in different lineages of Placentalia, we followed the 1 4 2 procedure described in (Sharma et al. 2018) . For a branch along which the gene was 1 4 3 inactivated, this method assumes that a gene evolves under a selective pressure similar to that 1 4 4 in other species until it is inactivated. Afterward, the gene is assumed to accumulate both 1 4 5 synonymous and nonsynonymous mutations at a neutral rate. The K a / K s (K) value estimated 1 4 6
for this entire branch is then the average of the K a / K s value for the part of the branch where was evolving under selection (T s / T) and neutrally (T n / T):
where T represents the time since the split from the last common ancestor. Using the lower TimeTree (http://www.timetree.org/) and using the K a /K s value for mammals with a 1 5 4
functional ACPT, one can estimate a lower and upper bound for T n as:
which provides an estimate of how long ACPT has been evolving neutrally. The complete protein-coding sequence of ACPT in 116 taxon were used to alignment by 1 6 0 PRANK. One or more inactivating mutations (frame-shift mutation, initial codon mutation, among toothless baleen whales, the initial codon mutation (n. ATG→GTG, p. M→V) was bonaerensis, frameshift indels were also found in baleen whales. Interestingly, two shared and Megaptera novaeangliae (Appendix Figure 2) . On the contrary, the premature stop Except for the species mentioned above, ACPT gene in other species were found to be 1 7 3
intact. Nevertheless, some crucial amino acids mutation was found in toothed species, such as We recovered the ACPT gene tree with well-supported values by using Mrbayes method 1 7 7
( Figure 2 ). In this gene tree, most of orders have been well reconstructed, and have high Carnivora clustered together first, and then they became sister group of Perissodactyla. We carried out the PAML analysis to detect the selective pressure of toothless / enamel-less 1 8 7 lineages, and found the selective pressure of these toothless / enamel-less lineages (including model comparison showed that the selective pressure of these branches had been completely 1 9 5
relaxed. Whilst, much higher selective pressure was detected in the ancestral branch of stem Meanwhile, higher selective pressure was detected among enamel-less lineages, such as the (ω 1 =0.116, ω 2 =0.581). And the selective pressure of these branches had been completely 2 0 1 relaxed, except for the terminal branch of K. breviceps (Table S5 ). 28.32Ma, respectively (Figure 3) . The mean estimate for the inactivation of ACPT on the 2 0 7
Mysticeti clade is 14.05-16.30Ma. ACPT is a novel candidate gene for studying mammalian tooth loss and enamel loss 2 1 0
The well-conserved gene structure indicates that this organization was present in the last 2 1 1 common mammalian ancestor, and the protein function was already defined 220 Ma (Madsen that four residues (191N, 269N, 330N and 339N ) of the extracellular region were for 2 1 5 glycosylation, two residues (41H and 289D) directly involved in catalysis. In addition, 2 1 6 mutation in seven residues were reported that were responsible for AI (Seymen et al. 2016 ;
Smith et al. 2017) (Appendix Figure 3 ). Three disulfide bond regions were identified, namely, mutations but also inactivated mutations in these functional sites and domains. For example, 2 2 0 enamel in finless porpoise were degenerated (Ishiyama 1987) , mutation in site 76 (R→C) 2 2 1 was found in N. asiaeorientalis. Previous research has confirmed that site 76 mutated into 2 2 2
Cys (C) in human ACPT would lead to hypoplastic AI (Seymen et al. 2016) , from which this 2 2 3 result further supported that teeth in finless porpoise were degenerated in molecular level. Of cause, some mutations were also detected in toothless and enamel-less lineages. The most 2 2 5 obvious characteristics of ACPT is that different types of inactivating mutations were found 2 2 6
in toothless and enamel-less mammals. Therefore, ACPT could be a candidate gene for AI 2 2 7
and should be regarded as a target gene in the diagnosis of this genetic disease. Fossil evidence showed that the earliest ancestors of baleen whales possessed complete 2 3 0 dentitions without baleen (such as Janjucetus and Mammalodon), and then evolved the Eomysticetus and Micromysticetus) (Fitzgerald 2006; Fitzgerald 2010) . This supported the 2 3 3 hypothesis that mineralized teeth were lost or degenerated in the common ancestor of crown 2 3 4
Mysticeti. The fact is all living baleen whales lack teeth and instead baleen (Uhen 2010) . However, the successive steps of vestigial tooth development was found in the fetal period of 2 3 6 living baleen whales (Davitbeal et al. 2009; Thewissen 2018 which further confirmed the hypothesis that mineralized teeth were lost or degenerated in the Kogia breviceps (pygmy sperm whale). The inactivation times of ENAM is from (Meredith, et al. 2009; Springer, et al. 2019 ).
